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SUMMARY Exercise or isoproterenol infusion may evoke ventricular arrhythmias in patients with the long QT syndrome. We examined the electrocardiographic effects of the Valsalva maneuver in eight patients with the long QT syndrome and nine healthy subjects. The Valsalva maneuver lengthened the QTc interval in both groups, but the lengthening was greater in the patients. In the patients who were having frequent attacks of ventricular tachycardia, the Valsalva-induced prolongation of the QTc interval was particularly remarkable and was associated with the development of T-wave alternans and short runs of ventricular tachycardia. Propranolol effectively suppressed the lengthening of the QTc interval during Valsalva strain and prevented Valsalva-induced ventricular arrhythmia. These results suggest that the Valsalva maneuver may be useful in evaluating the risk of ventricular tachyarrhythmias and the efficacy of drug treatment in patients with the long QT syndrome. THE LONG QT SYNDROME is a hereditary disorder with a very high mortality.'-' It is characterized by a prolonged QT interval and T-wave alternans on the ECG and by frequent syncopal attacks due to ventricular fibrillation, which almost exclusively follow emotional or physical stress." -7 Clinical observations of the QT interval and T waves during block or stimulation of the stellate ganglia4 5, [8] [9] [10] [11] [12] in patients with the long QT syndrome suggests that the relative predominance of left adrenergic neural activity in the heart is the pathogenetic mechanism of the long QT syndrome. 4 8,11 However, it is still unknown whether adrenergic neural asymmetry is due to function derangement of the sympathetic nervous system4' 8 or to cardiac focal neuritis, which may alter reception of sympathetic neural traffic. '3 Exercise or isoproterenol infusion reportedly produces marked prolongation of the QT interval and T-wave alternans, and may precipitate ventricular tachyarrhythmias in patients with the long QT syndrome.4 7 14 15 In this study we examined whether reflex sympathetic activation by Valsalva maneuver evokes prolongation of the QT interval and precipitates ventricular tachyarrhythmias and evaluated the effect of propranolol, a drug commonly used in the treatment of this syndrome, on the Valsalva-induced prolongation of the QT interval. The QTc iinterval represents the longest value recorded. Abbreviations: P = propranolol; DPH = diphenylhydantoin; HR heart rate.
Patients and Methods
Eight patients with the long QT syndrome and nine healthy subjects were studied. Clinical features of these subjects are summarized in table 1.
The patients with the long QT syndrome were from three families. Five were female and three were male, ages 17-68 years, (mean 39 ± 7 years [± SEMI). Five patients had had recurrent episodes of syncope and in four, ventricular tachycardias were documented. No patient was taking medications such as quinidine or phenothiazine, which produce prolongation of the QT interval. Complete physical examinations of these patients, including cardiovascular and neurologic examinations as well as a hearing test, were normal, as were the chest roentgenograms, serum potassium and calcium. ECGs at rest were recorded several times in each patient. In patients 1, 3 and 7 recordings of 24hour ECGs were also obtained several times using an Avionics 24-hour ECG recorder.
There were nine healthy volunteers, two males and seven females, ages 22-42 years (average 27 ± 2 years). They were not taking any medication.
The effect of the Valsalva maneuver on prolongation of the QT interval was examined by asking the subjects to expire against an aneroid pressure of 40 mm Hg for 15 seconds. The QT interval was standard-ized as the corrected QT interval (QTc) by dividing the measured QT interval by the square root of the RR interval.'6 The QTc interval before strain was obtained by averaging the QTc interval of five beats before Valsalva strain. The QTc interval was calculated for each beat during strain and the average QTc interval of the last five beats during strain was compared with the QTc interval before strain.
To examine whether Valsalva-induced prolongation of the QTc interval is altered by propranolol, ECG recordings during the Valsalva maneuver were repeated after propranolol in five patients. Propranolol was given intravenously at a dose of 6-8 mg in patients 1, 3 and 7 and orally at a dose of 10 mg in patients 5 and 8. The Valsalva maneuver was repeated several minutes after intravenous injection and 2 hours after oral administration of propranolol.
In five patients, we compared prolongation of the QTc interval induced by the Valsalva maneuver with that produced by exercise. Three patients underwent treadmill exercise and two patients did double Master's test. Treadmill exercise was performed using a modified Bruce protocol consisting of 3-minute stages until heart rate reached 85% of the expected maximal heart rate. The QTc interval was measured before and after exercise. The QTc intervals before and after exercise were obtained by averaging the QTc The QTc interval and spontaneous attacks of ventricular tachycardia were closely related in patient 1 ( fig. 1 ). Ventricular tachycardias developed when the QTc interval was longer than 0.64 second. Figure 1 also shows that treatment with xylocaine, stellate ganglion block or diphenylhydantoin effectively shortened the QTc interval in this patient.
The Valsalva maneuver lengthened the average QTc interval in all patients with the long QT syndrome except patient 3, from 0.49 0.01 second before Valsalva maneuver to 0.55 ± 0.02 second during Valsalva strain (p < 0.01) ( fig. 2 ). The Valsalva maneuver lengthened the QTc interval in healthy volunteers, but the prolongation of the QTc interval in healthy volunteers was smaller (from 0.38 ± 0.01 second before Valsalva to 0.40 to 0.01 second during strain, p < 0.02). The QTc interval during Valsalva strain was equal or longer than 0.50 second in patients with the FIGURE 2. The effect of Valsalva strain on the QTc interval. Solid and broken lines connect the Q Tc intervals before and during Valsalva strain in patients with the long QTsyndrome and in healthy subjects, respectively. Filled squares and empty squares represent patients with the long QTsyndrome with and without episodes of syncope, respectively. Asterisks indicate patients who were havingfrequent attacks of ventricular tachycardia during hospitalization. Double asterisk indicates the patient who died suddenly 2 years after the study. Valsalva strain produced marked prolongation of the QTc interval in patients with the long QT syndrome, particularly in those who were having frequent ventricular tachycardia. One patient (#) developed sinoatrial block during Valsalva strain. The small filled circles and bars at the side indicate mean ± SEM. Figure 3 shows short runs of ventricular tachycardia and T-wave alternans induced by Valsalva maneuver in patient 7. Ventricular tachycardia and T-wave alternans developed after the release of Valsalva strain. olol had the shortest QTc interval before propranolol (0.46 second). Propranolol suppressed lengthening of the QTc interval during Valsalva strain in all patients except patient 3, who developed sinoatrial block during Valsalva strain before propranolol and did not show prolongation of the QTc interval during strain. Figure 5 shows the QTc interval before and after exercise in five patients. Exercise prolonged the QTc interval in all patients. Prolongation of the QTc interval produced by exercise was comparable to that induced by the Valsalva maneuver.
Discussion The patients with prolongation of the QT interval examined in this study were from three families. In each family there were multiple family members who had prolongation of the QT interval, and eight members from these families had died suddenly. Five of the eight patients in this study had recurrent episodes of syncope. None had electrolyte abnormalities or was taking drugs like quinidine, phenothiazine, imipramine and others known to produce ECG changes. Thus, patients examined in this study were consistent with the hereditary long QT syndrome. After Exercise interfere with adrenergic neural traffic, such as stellate ganglion blockade or ganglionectomy or the administration of propranolol or diphenylhydantoin.4' 5 , 9, 1 13,18 22 Because there is strong evidence that adrenergic neural asymmetry is a fundamental problem in patients with the long QT syndrome, it seems understandable why adrenergic neural blockade is effective in treatment of this syndrome. However, adrenergic neural blockade is not always effective. Many deaths have occurred despite treatment with propranolol or stellate ganglion blockade.4 6, 13 14 23 Some investigators have suggested that propranolol could theoretically even worsen the imbalance of neural asymmetry in some patients. 13 Therefore, it has been suggested that although propranolol merits a trial, the treatment should still be on a individual basis.13' 24 The difficulty of treating this syndrome is further complicated by the variable severity of the clinical manifestations of this syndrome.13 This variable course may explain why a form of treatment is effective at one time but not at another.
Management of these patients would be facilitated if there were a way to evaluate the risk of developing ventricular tachyarrhythmias and the effectiveness of drug therapy. The risk could then be evaluated periodically and treatment adjusted accordingly. Exercise or isoproterenol infusion may be useful for this purpose because they prolong the QT interval and may precipitate T-wave alternans and ventricular tachyarrhythmias in patients with this syndrome.4' 6, 7, 14, 15 Those who develop ventricular tachyarrhythmias during exercise or isoproterenol infusion should be considered at high risk, because syncope occurs exclusively during physical or emotional stress in these patients.1-7 Rubin et al.24 recently reported that reflex augmentation of adrenergic activity by Valsalva maneuver or cold pressor test precipitated ventricular bigeminy in a patient with the long QT syndrome and suggested that the Valsalva maneuver might be useful to uncover ventricular ectopy in other patients with this syndrome.
Our results are consistent with the results in their patient. Further, the results of our study indicate that 1033 L A the Valsalva maneuver produces marked prolongation of the QTc interval and may provoke ventricular tachycardia and T-wave alternans in patients with the long QT syndrome. Prolongation of the QTc interval produced by Valsalva strain was comparable to that produced by exercise.
The patients who showed the greatest prolongation of the QTc interval during Valsalva strain and who developed T-wave alternans and ventricular tachycardias were those who were having frequent attacks of syncope and spontaneous ventricular tachycardia at the time of study. These observations suggest that the Valsalva maneuver may be useful in identifying the patients at risk of developing ventricular tachycardia and fibrillation.
Even if ventricular tachyarrhythmias or T-wave alternans did not develop after Valsalva strain, the degree of prolongation of the QTc interval during Valsalva strain might be useful in assessing the risk. For example, the patients who developed ventricular tachycardia with Valsalva maneuver had extreme prolongation of the QTc interval during strain, and spontaneous attacks of ventricular tachycardia were correlated with marked prolongation of the QTc interval ( fig. 2 ). A recent report indicated that sudden death after myocardial infarction occurs almost exclusively in patients with a prolonged QT interval and that the longer the QT interval, the greater the chance of sudden coronary death. 25 The Valsalva maneuver also appears useful for assessing the effectiveness of drug therapy. Propranolol shortened the QTc interval at rest and effectively suppressed the lengthening of the QTc interval during Valsalva strain. After propranolol, Valsalva strain did not precipitate ventricular tachyarrhythmias or Twave alternans. These patients have been treated with propranolol for an average of 46 months and all except patient 8 have been free from syncope. Patient 8 died suddenly while singing after accidental discontinuation of propranolol. Favorable effects of propranolol were noted in two patients who received 10 mg of propranolol orally. Despite reports on the hepatic first-pass effect, this small dose of propranolol produced a significant reduction of heart rate from 84 to 61 beats/min. A recent study by Ebihara2f suggests that the hepatic firstpass effect is much smaller in Japanese than that reported previously27 and the dose used in this study may produce d-blocking effects in patients who weighed approximately 40 kg. SUMMARY Diltiazem, verapamil and nifedipine suppress sinoatrial (SA) nodal function in the excised rabbit heart. Clinically, however, their suppressive effect on the SA node is modified considerably by the reflex increase in sympathetic tone as a result of the fall in blood pressure caused by the vasodilating action of the calcium antagonists. Diltiazem, verapamil and nifedipine suppress atrioventricular (AV) nodal conduction and prolong refractory periods in the excised rabbit AV node. Clinically, diltiazem and verapamil exert a similar suppressive effect on the AV node and are useful for treating and preventing AV nodal reentrant tachycardia. Nifedipine, in clinically practical doses, has no antiarrhythmic properties, probably because of reflex activation of the sympathetic system secondary to its hypotensive effect, which is greater than that of the other two calcium antagonists.
Diltiazem and verapamil may sometimes worsen AV conduction, especially in patients with conduction disturbances. Nifedipine, on the other hand, can be used as a coronary vasodilator with the least untoward effect on AV conduction. THE CELLS of the sinoatrial (SA) and atrioventricular (AV) nodes show no evidence of a fast component. The entire action potential appears to result from a slow inward current.1 Recent investigations have suggested that the calcium-antagonistic properties of some coronary therapeutic agents might also contribute to their antiarrhythmic effects by inhibiting slow inward currents. The antiarrhythmic effects of verapamil have been reported,2 3 but nifedipine appears to have no antiarrhythmic effect4' 5 despite its high activity in antagonizing the effect of calcium ions.6 Diltiazem, also a potent coronary vasodilator, suppresses epinephrine-and ouabain-induced arrhythmias in guinea pigs.7 However, very few systematic comparative studies have reported the effect of these three calcium antagonists on the SA and AV nodes.
In this report we present experimental and clinical studies of the effects of diltiazem, verapamil and nifedipine on the SA and AV nodes.
Methods

Experimental Setup
Under pentobarbital anesthesia (30 mg/kg) and artificial respiration, the rabbit right atrium was excised and cut into two portions: preparation 1, with the SA node and the crista terminalis, and preparation 2, with the crista terminalis, the interatrial septum, the AV node and the His bundle ( fig. 1 ). Forty-seven rabbits were used for preparation 1 and 12 for preparation 2. The experimental setup has been partly described. 8 The tissues were superfused in Tyrode solution equilibrated with 95% 02 and 5% CO2. The
